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SUBCHONDRAL BONE PLATE REMODELS MORE RAPIDLY THAN
TRABECULAR BONE IN OSTEOARTHRITIS
Z. Zamli, K.R. Brown, J.F. Tarlton, M. Sharif. Univ. of Bristol, Bristol, United
Kingdom
Purpose: To determine the sequence and the relationship between
bone remodelling in subchondral bone plate (Sbp) and trabecular bone
(Tb), during the development of OA in two spontaneous animal models,
the Dunkin Hartley (DH) guinea pig which develop OA around 12 weeks
and the Bristol Strain 2 (BS2) which develops OA around 24 weeks of
age.
Methods: The right tibias were dissected from six male animals of each
strain, at 10, 16, 24 and 30 weeks of age. Changes in tibial plateau car-
tilage were assessed histologically. Micro-computed tomography was
used to quantify the growth plate thickness (GpTh), subchondral bone
plate thickness (SbpTh) and trabecular bone thickness (TbTh), and bone
mineral density (BMD) in both Sbp and Tb.
Results: The growth plate was still open by 30 weeks of age in both
strains (DH: 151.3mm±17.4, BS2: 153.4mm±15.7) and closure rate of the
growth plate was similar prior to 24 weeks. The SbpTh and TbTh were
greater in the medial side than the lateral side, and in the DH than BS2.
In the DH strain, the bone mineral density (BMD) of Sbp increased
between 10 and 16 weeks and then decreased, whereas in BS2 BMD
gradually increased over the study period. The rates of SbpTh changes
were generally higher in DH than BS2, and in the DH these changes
were greater in the medial than lateral side, especially between 10e16
weeks (medial side: 22.7mm/week; lateral side: 14.8mm/week). In con-trast, in the BS2 SbpTh changes were greater in the lateral side. Sim-
ilarly, the highest rate of Sbp BMD change was observed in the DH
medial side between 10e16 weeks (0.07g/cm3). However, after 16
weeks, both Sbp and Tb BMD decreased in the DH strain but not in the
BS2 animals.
Conclusions: The rapid increase during the early time points and
consistently higher rate of increase of SbpTh in the medial side of DH
when the medial and lateral sides in both strains showed a similar rate
of TbTh suggest that there is more rapid remodelling of the Sbp than Tb
during development of OA. The highest rate of BMD increase in the
medial side of Sbp in DH between 10 to 16 weeks and a fall in BMD
thereafter in both in Sbp and Tb suggest that increased BMD may be
associated with initiation of OA but not progression.
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SEMI-AUTOMATION OF KNEE CARTILAGE THICKNESS ESTIMATION IN
MAGNETIC RESONANCE IMAGES WITH METAL ARTEFACT
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K. Satchithananda k, D. McRobbie ¶, A. Williams#, T. Vincent yy,y,
F.E. Watt yy,y. y Imperial Coll. Hlth.care NHS Trust, London, United
Kingdom; z Imperial Coll. London, London, United Kingdom; xNatl. Hosp.
for Neurology and Neurosurgery, London, United Kingdom; kKing's Coll.
Hosp. NHS Fndn. Trust, London, United Kingdom; ¶ Flinders Med. Ctr.,
Adelaide, Australia; # Fortius Clinic, London, United Kingdom; yyKennedy
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Purpose: Joint injury is a major risk factor for osteoarthritis (OA), with
about 50% of those with knee injuries developing the condition. Mag-
netic Resonance (MR) imaging allows the manipulation of contrast to
highlight different tissue types and has been the most importantmodality for assessment of pathological changes in knee cartilage.
Accurately quantitating cartilage change over time is desirable in ‘at
risk’ cohorts for osteoarthritis, such as those with destabilising knee
joint injury. Such cohorts frequently include those with anterior cru-
ciate ligament reconstruction or other ligamentous repair. However, the
presence of metal implants from reconstructive surgery produces
artefact on MR images which can greatly complicate reliable segmen-
tation of cartilage. Previous published works on automated methods for
cartilage thickness estimation typically validate their methods using
images of near-perfect quality. The purpose of this study was to reliably
estimate cartilage thickness in MR images with metal artefact using in-
house semi-automated software.
Methods: Consenting individuals with recent knee injury undergo 3T
MR imaging of both knees as part of a prospective study (Knee Imaging
Cohort at the Kennedy). Images were acquired at baseline (within 3
months of injury) with follow up scans at 2 years and 5 years. The
accuracy of our software in segmenting femoral and tibial cartilage was
tested using representative slices from 2 baseline studies with metal
artefact. Metal artefact was nulled using a mask implemented in our
software which completely surrounds the artefact (purple contour in
Figure 1A). Following the segmentation steps, cartilage thickness values
were recorded from a thickness map produced by the software, at seven
radial angles relative to an origin set inside the bone (Figure 1B). The
thickness values were also measured manually by the same operator
using the software ruler tool at the same radial angles for comparison
with the semi-automated measurements. Re-analysis was also carried
out by another operator after one week to test for inter-operator
reproducibility.Results: Bland-Altman analysis was used to quantify the agreement
between the manual and semi-automated measurements as well as
inter-operator reproducibility. At our centre, the clinically acceptable
thresholds for the bias and limits of agreement (LOA) are 0.2mm and
1mm respectively. There was good agreement between the manual and
automated measurements as long as the metal artefact was fully con-
tained within the bone and did not impinge onto the cartilage
(Figure 2A). Our software also showed good inter-operator reproduci-
bility, with a negligible bias of 0.03mm (Figure 2B) compared to a bias of
0.19mm for measurements made by different operators using the
manual tool (Figure 2C). The software also performs well in slices with
signiﬁcant overlap between tibial and femoral cartilage boundary
where manual delineation can result in poor inter-operator
reproducibility.
Conclusions: Our semi-automated software successfully segmented
the cartilage boundaries on clinical images containing metallic artefact,
provided the artefact was entirely contained within the bone. In com-
parison with the manual ruler tools routinely used by radiographers,
our semi-automated software offered the same level of accuracy and
precision but a substantial reduction in time and good inter-observer
